
Europaischds PatentaiYit 
European Patent Offica 
Offlca europten das brevats 




Publication number: 0 515 096 A2 



EUROPEAN PATENT APPLICATION 



@ Application number; 92304360.8 



Deteof fling: 14.05.92 



@ int Cl.^; B32B3/26, B32B 27/20. 
B32B 31/30 



% Priority: 21.05.91 GB 9110902 



@ Date of publication of application ; 
25.11.92 Bulletin 92/48 



@ Designated Contracting States : 

AT BE CH DE DK ES FR GB IJ U LU NL SE 



Applicant: IMPERIAL CHEMICAL 
INDUSTRIES PLC 
imperfal Chenrfcal House, MHIbank 
. London SW1P 3JF (GB) 



@ Inventor : Berry, Michael Richard 
3 Uttle Crake 

Gulsborough, Cleveland TS14 8PL (GB) 
Inventor : Wall, Davkl 
Oakland Cottage, High Street 
Dalbeattie, Scotland DG5 4BT (GB) 



@ Representative : Rhind, John Lesaeis ot al 
ICI Group Patents Services Dept Po Box 6 
Shirs Park Bessemer Road 
Welwyn Garden City Herts, ALT 1HD (GB) 



@ Poiymeric fRm. 

@ A composite fflm, particulariy a polyester film, 
comprteing a substrste layer and a heat- 
sealable layer comprising a particulats addiOve, 
exhibiting an improved combination of hand- 
ling and heat-sealable properties. The exposed 
aurfiaoe of the heat-aealable layer has greater 
than 100 surface protrusions per mnf produced 
by the particulate additive. The surface prDtru- 
sldns have an average peak height in the range 
from 5 to 400 nm measured from the average 
level of the surface of the heat-^e^aUe layer. 
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This inv ntion relates to a polymeric film, and in 
particular to a composrta poJynr^eric fBm. 

it is known that polymeric fiin^s often have poor 
handling propertiee whtah may result in difficulties in 
winding the flln^ Into high quality reels and Inefficient 5 
passage through processing, for example, slitting 
quipment 

Polyester film composites comprising a layer of 
hon^poiyestar and a layer of copdyester are descri- 
bed In GB Patent No 1465973. Copotyesters can be 10 
used as heat-sealaWe layers. European Patent No 
35835 describes a sknilar polyester film compc»ite 
which comprises a fRIer In the copdyester layer which 
has an average partide size fireater than the thick- 
ness of the layer. The fOler pariides protrude through is 
the copdyester layer yielding a film with good han- 
dling properties. However, the aforementioned film 
can suffer from reduced heat-sealabillty due to the 
presence of filler partides whbh have a partide size 
greater than the thickness of the heat-sealaWe layer. 20 
In addition, the aforeoienttened handling property is 
only achieved at certain heat-sealaWe layer thick- 
ness/filler partide size ratios, such tiiat any variatfon 
required in the heat-sealabie lay«- thickness (for ex- 
ample in a different commercial application) necessl- 26 
tates a change In the filler partWe size. This situation 
can result in a range of different filars being requicBd 
for dtffersnt applications. A relath^ely high concentra- 
tion of filler may be required in the copdyest^ layer 
in order to obtain the required handling propertiee, so 
which may result in an unacceptable decrease In the 
optical clarity and an increase in the haze of the fflm. 

We have now developed a composite film which 
reduces or.substantiany eliminates at least one or 
more of the aforementtoned problems. 35 

Accordingly, the present invention provides a 
composite film comprising a substrate layer of pdy- 
meric material having on at least one surface thereof 
a heat-sealable layw comprising a particulate addi- 
tive, tiie exposed surface of the heat-«ealab!e layer 40 
comprising greater than 100 surface protrusions per 
mm2 produced by the particulate additive, the surface 
protrusions having an average peak height In the 
range finom 5 to 400 nm measured from the average 
level of the surface of the heat-sealable layer. 45 

The invention also provides a metiiod of produc- 
ing a composite film oomprialng forming a substrate 
layer of polymeric material having on at least one sur- 
face thereof a heat-sealable layer, applying a partic- 
ulate additive to the exposed surface of the heat- so 
sealable layer, the particulate additive bonding to 
and/or penetrating into the heat-sealable layer, tiie 
exposed surface of the heat-sealaWe layer compris- 
ing greater tiian 1 00 surface protrusions per mm2 pro- 
duced by the particulate additiv , the surface protru- 55 
slona having an averag peak helghtin the range from 
5 to 400 nm measured from the average level of the 
suriiace of the heat-sealable layer. 



The substrate of a .polymeric film composite ac- 
cording to the invention may be fbnmed from any syn- 
thetic, fllnvformlng polymeric material. Suitable ther- 
nx>pla8tic8 materials indude a hcmopdymer or copo- 
lymer of a 1 -define, such as ethylene, propylene and 
but-1-ene, a polyamide, a polycaritx)nate, and, partrc- 
ulariy, a synthetic linear polyester which may be ob- 
talned by condensing one or more dicarboxylte adds 
or their tower aikyi (up to 6 cari>on atoms) die$ters, eg 
terephthalic add, [sophthalfc acid, phthalic ackJ, 2,6- 
2.6- or 2.7-naphthaienedlcarboxyllc acW, succinic 
acid, sebacic acW, adipic ackl. azelaic add, 4,4'-di- 
phenyldfcarboxyllc acid, hexahydroterephthalic acW 
or 1 ,2-bis-p-cartK)xyphenoxyetiiane (optionally with a 
monocartoxylte acW, such as ph^alic acid) witii one or 
more glycols, particulariy aliphatic glycols, eg ethy- 
lene glycol, 1,3-propanediol, 1,4-butanedlol, neoperv 
tyi glycol and 1,4.cyck)hexanedimethanol. A poly- 
etfiylene terephthalate film is particulariy prefefted, 
especially such a film which has been biaxlally orient- 
ed by sequential stretching in two mutually perpendic- 
ular directions, typically at a temperature In the range 
70 to 125^ and preferably heat set, typteally at a tem- 
perature In ttie range 150 to 250^, for example as de- 
scribed in British patent 838708. 

The substrate may also conprise a pdyaiylether 
or thio analogue thereof, particulariy a polyaryleflier- 
ketone. polyaiyfetiwaulphone, pdyarytolheretherka- 
tone, pdyaiyletherethersdphone, or a copolymer or 
thbanalogue thereof. Examples of these polymere 
are disclosed In EP-A-1879, EP-A-1 84458 and US-A- 
4008203, particulariy suitable materials bemg those 
sold by ICI PLC under the Regtstersd Trade Mmk 
STABAR The substi^te may comprise a poly(arylene 
sulphide), particulariy poly-p-phenyiene sulphide or 
copolymere thereof. Blends of these polymers may 
also be employed. 

Suitable themx)set resin substrate materials in- 
clude addition « polymerisation resins - such as acryl- 
ios, vinyls, bis^mateimides and unsaturated pdyest- 
era, fom^ldehyde condensate resins - such as con- 
densates with urea, melamine or phenols, cyanate 
resins, functionalised polyestere, pdyamides or poly* 
Imldes. 

The polymeric film substrate for production of a 
composite film according to the Invention may be un- 
oriented, or unlaxlally oriented, but Is preferably biax- 
lally oriented by drawing in two mutually perpendicu- 
lar directions in ttie plane of the f^m to achieve a sat- 
isfactory combination of mechanical and physical 
properties. Simultaneous biaxial orientation may be 
effected by extruding a tiienmoplastics polymeric tuba 
which is subsequentiy quenched, reheated and then 
expanded by internal gas pressure to induce trans- 
verse orientation, and withdrawn at a rat which will 
induce longitudinal orientation. Sequential stretching 
may be effected In a stenter process by extruding the 
ttienmoplastics substrate material as a flat extrudate 
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which Is subsequently stretched first in one direction 
andth nkithaothermutualiy perpendlcuiardirBction* 
Generally, It Is preferred to stretch ffrstly in the longi- 
tudinal direction, id the forward direction thrx>ugh the 
film stretching machine, and then in the transverse di- 
rection. A stretched sutistrate film nnay be, and prefer- 
ably is, dimensjonaily stabiJiaad by heat-setting under 
dknensional restraint at a temperature above the 
glass transition temperature thereof. 

The polymeric film substrate of the present Inven- 
tion Is des^bly optically dear, preferabty having a 
wide angle haze, ft^ a 12 ^im thick fHm, of <3.5%, 
more preferably <1 «5%, and particularly <0.5% being 
measured acoording to the standard ASTM D 1003- 
61. 

The heat-eealaWe layer should be capable of 
fomiing a heat-seal bond to itself or to the substrate, 
or preferably to both, by heating to soften the pdynr^er- 
Ic material of the heat-seatabie layer and applying 
pressure without softening or melting the potymerlc 
material of the substrate layer. 

A heat-seaiable layer eultaWy comprises a poly- 
ester resin, particularly a copdyester resin derived 
from one or more dibasic aromatic carboxytic adds, 
such as tersphthalicacad, tsophthalic add and hexa- 
hydfCtef^thallc add, and one or more glycols, such 
as ethylene glycol, diethyien^ Qlycd, triethylene giy- 
od and neopentyi glyod. Typical copdyestars which 
provide satisfactory heat-sealable properties are 
those of ethylene terephthalate and ettiytene iao- 
phthalate, espedatly in the mdar ratios of from 50 to 
90 mde % ethylene terephthalate and corresponding- 
ly from 50 to 10 mole % isthyiene 'wophthaiate. Prefer- 
red copolyesters comprise frpm 65 to 85 mde % ethy- 
lene terephthalate and from 35 to 1 5 mde % ethylene 
Isophthalate, and espedaHy a copdyesterof about 82 
mde % ethylene terephthalate and about 16 mde % 
9thy1ene ieophthsdate. 

Fonfnatlon of a heat-sealable layer on the sub- 
strate layer may be effected by conventional techni- 
ques ^ for example, by casting the pdymeronto a pre- 
formed aubetrate layer. Conveniently, however, for- 
mation of a composite sheet (subsbBte and heat- 
sealabie layer) Is effected by coextruslon, either by si- 
multaneous coextitjslon of the respective film-forming 
layers through irKlependent orifices of a mutti-orffice 
die, and thereafter uniting the still mdten layers, or, 
preferably, by single-channel ooextruaion In which 
mdten streams of the respective polymers are first 
united within a channel leading to a die manifold, and 
thereafter extnided togetherfnom the die orifice under 
condltldns of streamline flow without intemibdng 
thereby to produce a composite sheet 

A ooextnided sheet is stretched to effect mdec- 
ular orientation of th substrate, and preferably heat- 
aei Oenersily, the oondliions applied for stretching 
the subsbBte layer will Induce partial crystallisation of 
the heat-aealable pdymer and It is therefore prefeired 



to heat set under dimensional restraint at a temi:>era- 
ture seiected to develop the desired morplidogy of 
ttie heat-sealing layer. Thus, by effecting heat-setting 
at a temperature below the crystalline melting temper- 

5 ature of the heat-seaiable pdymer and permitting or 
causing the composite to cool, the heat-sealable pdy- 
mer wHl remain essentially crystalline. However, by 
heat-setting at a tenr^perature greater than the crystal- 
line melting temperature of the heat-peaiing pdymer, 

10 the latter will be rendered essentially amorphous. 
Heat-setting of a composite sheet comprising a pdy- 
ester substrate and a copdyester heat-se^ble layer 
Is conveniently effected at a temperature within a 
range of from 175 to 200^0 to yield a substantially 

16 crystalline heat-sealable layer, or from 200 to 250*C 
to yield an essentiaiiy amorphous heat-sealable lay- 
er. An essentially amorphous heat-sealable layer Is 
prefen^. 

Heat-sealable layers may be disposed on one or 

20 both sides of the substrate layer. The film composites 
may have a total thickness in the range 10 to 500 ^m 
and the or each heat-sealabljB layer(s) preferably con- 
stitute from 1 to 30% of tfie total composite thickness. 
The heet-sealable layers preferably have a thickness 

26 of up to 50 im, more preferalsly up to 10 ^m, and ea- 
pedally from 0.5 to 5 \m. 

The required-handling j^ropeitiea are achieved 
when the heat-sealiable layer compriees greater than 
100, preferably less than 5000 surface protruston 

30 peaks per nvn^, mora preferat>ly from 400 to 2000, 
particularly from 600 to 1 500, and espedally from 700 
to 900 protrusion peaks per mm^. The average height 
of a protru8k>n peak measured from the average level 
of the surface of the heat-sealable layer Is In the range 

35 5 to 400 nm, more preferably from 1 0 to 200 nm, par- 
ticularly from 15to 100 nm, and espedally from 20 to 
60 nm. It Is preferred that greater than 50%, partteu- 
larly greater than 70%, and espedally greater than 
90% of protruston peaks have a height within the 

40 aforementioned prefened average height ranges. 
The shape of the pr6trusk>n peaks can also play a alg- 
nlRcant rde In the handling properties of resuttantfUm. 
The average protrusion peak preferat>{y has a shape 
(by whteh Is meant the height of a protnislon peak (as 

46 defined above) divided by the width of the base of the 
peak measured at the average level of ttie surface of 
the heat-aealable layer) greater than 0.8 x 10^, more 
ppsferably In the range from 1.0x10-«to100x10-^, 
especially in the range from 1.5x10-3to20x1(H, and 

60 particulariy in \he range from 2.0 x 1 to 4.0 x 1 0^. 
The number, size and shape of the protrusion 
peaks can be determined by any relevant surface 
analysis technique. lsk>n-contacting methods, such as 
interferometry are preferred, for example using a 

66 Topo-30 ProfBer (manufactured by the Wyko Corpor- 
ation}, as herein described in the test m^hode ghren 
below. 

The particulate additive far indu8k>n in the heat- 
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sealable layer should be chemically inert in relation to 
th polymeric n^at^ of th heat-»eaiaWe layer and 
the material frwn which It Is produced or any other 
additives in the heat-sealabid layer and preferably 
comprises Inorganic particles comprising one or a 
mbdure of natural or synthetic silica, glass beads, cal- 
cium borate, calcium carbonate, magnesium carbon- 
ate, barium sulphate, calcium silicate, caldum phos- 
phate, aluminium trihydrate, sdumlno sHicates includ- 
ing the hydrated and calcined fbmis thereof, and tita- 
nium dioxide. Other suitable participate additives In- 
clude polymeric particles of pdymera which melt at a 
temperature higher than the highest temperatures 
used in the production of thefBm composite and/orare 
immlsclWe with the heat-sealabie polymer. The pre- 
fen-ed particulate additive comprises partides of sili- 
ca, and in particular comprise a type of sHica known 
commercially as fumd or pyrogenfc silica. Fumed s«- 
Ica can be fomr^ed by reacting silicone tetrachloride In 
an oxygen flame to form single, spherical partides of 
saicone dioxide- The aforementioned partides grow 
through colliston and coalescence to form Imger par- 
tides, ie primary partides. As tfie partides cod and 
begin to freeze, but continue to oollkJe, they aSdc but 
do not coalesce, fbnming adid aggregates which in 
turn continue to collide to fonm dusters or agglomer- 
afieSi 

The particulate filler suitable for use In the heat- 
sedabie layer of a composite film accoiding to tfie 
present invention is preferably of substantiaRycbtxilar 
cross-section Innespective of the selected viewing 
point. Desirably, an Indhridual fHlerpartide exhibits an 
aspect ratio 6^:62 (where d, and da. re8pe<?tlvely. are 
tiie maximum and minimum dhnenslons of the partic- 
le) In a range of from 1:1 to 1:0.6, and prefefably from 
1:1 to 1:0.8. 

The average particle size (by which is meant ttie 
number average pwtide diameter) of the particulate 
filler, particulariy silica partides, Incorporated Into tfie 
heat-sealable layer is suitably In a range ftom 0.01 to 
0.09 \m, preferably 0.02 to 0.08 pm, and especlaKy 
0.03 to 0.06^ 

Partide sizes may be measured by electron mi- 
croscope, coulter counter or sodfanentation analysis 
and the average partide size may be determined by 
plotting a cumulative distribution curve representing 
the percentage of partides below chosen partide si- 
zes. 

In the case of spherical particulate additives tire 
average size of \he partides is detemriined as the di- 
ameter erf tiie partides. However, many particulate 
additives, especially Inorganic partides, are non- 
spherical in shape and for the purposes of this spec- 
ification tijefr average size is detenmined as tiie size 
of Oie paitidee in their greatest dimension. 

In a pfBferred embodiment of th Invention, the 
primary or individual filler partides aggregate to form 
dusters or agglomerates comprising a plurality of pri- 



iriary partides. The aggregation process of th© pri- 
mary filer partides may take place during the actual 
synthesis of tiie fdler and/w during the film making 
process. It Is intended that ttie av rage particle size 
5 values contained herein apply to the size of the pri- 
nTary non-aggtomerated partides. It is preferred ttiat 
the. average partide size of tiie filler agglomerates, 
such as agglomerates of primary sHIca partides, in the 
heat-sealaWe layer of the final composite fJm product 
10 is In a range from 0.05 to 0.45 jim. preferably 0.08 to 
0.4 fim, and espedally 0.1 to 0.35 

The particulate additive may be added to the 
heat-sealaWe polymer before extrusion ttiereof, such 
tiiat tiie particulate additive Is effectively evenly die- 
ts tributed tiiroughout tiie layer, preferably present In tiie 
layer In an amount up to 10%, mora p^eraMy up to 
6% by weight based upon tiie weight of ttie heat- 
sealable polymeric material. In general, suitable fHm 
handling properties may be provided by amounts of 
20 the particulate additive up to 3% by weight and espe- 
cially In the range 0.6 to 2.0% by weight of tiie poly- 
rneric material. 

The presence of ttie paiticulate additive distribut- 
ed throughout tiie heat-sealabto layer can have a det- 
26 rimental effect on the transparency of tiie composite 
film, and ki a pmferred embodiment of tiie Invention 
the particulate addith^e is applied to ttie exposed sur- 
face of tfie heat-eealable layer, preferably In a liquW 
medium, such as a dispersion In an organk: sol- 
30 vent(8), and preferably as an aqueoua diapeiaion. 
The llquW medium may optionally Include a plasticlser 
for tiie heat-seaiable layer. Examples of compounds 
whtoh may be suitable as plasfidsing agenta for poly- 
ester heat-sealable layers Indude benzaWehyde, 
35 benzyl alcohd. mettiyl salicyiate, o-dtehlorobenzene. 
dimetiiyl phttialate, dietiiyl oxalate, diettiyl sucdnate 
tetrachtoroethane, o-phenylphenol. 1-phenylethanol 
and dlchlorometiiane. AJtemati'vely, ttie particulata 
additive may be applied to ttie heat-sealable layer in 
40 tiie dry state as a ges doud. by electrostatic depose 
«on. or from a fiuklised bed optionally wWi electrostat- 
ic as^stance. When applied in tiie dry state, the par- 
tteulate additive may, if desired, be spread over the 
heat-Sealabie layer to provide a reasonably uniform 
45 distribution over the entre surface. 

If des'red. slight pressure may be applied over tiie 
layer of the particulate additive to impress the partic- 
les Into the heat-sealable layer. Excess palkxjiate 
additive whfch has not bonded or penetrated into ttie 
heat-sealable layer may be removed from tiie surfece 
thereof, eg by Inverting tfie composite film, by dispers- 
ing tfie partides witii a blast of air, or by bruehing or 
washing ttie partides away. The composite film may 
be allowed to cool in atr or may be quenched to com- 
plete tfie bonding of ttie p«tides to the h at-sealable 
layer and tfi cooling or qu nching operation may be 
effected ettfier before or alter ttie excess partides 
have been removed from ttie surface of tine film. 
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The particulate ackHtive may be applied to an al- 
ready oriented Trim. However, application of the par- 
ticulate additive Is preferably effected before or during 
the stretching op©ratk>a 

In particuiar. It Is prefenred that the particulate ad- 5 
ditive medium should be app?ied to the film substrate 
between the two stages Oongitudinal and Iranavorse) 
of a biaxial stretching operation. Such a sequence of 
stretching and coating Is espeoiaHy prefenned for the 
piXKfurtlon of a coated copolyestsr heat-ssalable lay- io 
er bonded to a linear pdyester film substrate, such as 
a polyethylene twephthalate substrate, which Sa pre- 
ferably firatly stretched In the longltudinal direction 
over a series of rotating rdlers, coated, and then 
stretched transversely in a stenter oven, preferably is 
followed by heat setting. During the heat setting proc- 
ess the film is preferably heated to a temperahjre 
higher than the softening point of the heat-sealaWe 
layer so that the particulate additive sinks Into the 
polymer layer. The particulate additive preferably 20 
sinks Just below the polymer surface layer so that rt Is 
firfly submerged within the layer yet confined to the 
surface region of the heat-sealabie layer. Greater 
than 90%, preferably greater than 95% of the partides 
are preferably within the upper 1 preferably the 26 
upper 0.5 im thick portton of the heat-^ealabie layer. 
The result te that the miUorfiy of partfcles within the 
layer produce a surfece pfXDtmston, preferably having 
an average pe^ height of greater than 5 nm. 

The partteulata additive composftion may be ap- so 
piled to the heat-sealable layer as an aqueous dlsper- 
ston or solution in an organte solvent by any suitable 
conventtonal coating technique such as dip coating, 
bead coaling, reverse rdlor coating or slot coating. 
The particulate additive is preferably applied to the 36 
heat-sealabie layer as a dispersten. preferably In aqu- 
eous media, at a concentration witWn the range 2 to 
15%, more preferably from 4 to 8%. 

In a prefen-ed embodiment <rf the Invertton acom- 
poslte film e^diibfts high optical clarity and low haze. 4c 
preferably tWYing a wide angle haze, being measured 
accwding to the standard ASTM D 100J-61. of <8%, 
more pieferably <8%, partlculariy <5%. and especial, 
ly <3%fora 1 5 ^m thtekfllm. The aforementioned opt- 
ical characteristics can be suitably achieved by hav- 45 
Ing IttUe or no particulate additive present in the sub- 
strate. The substrate may contain relatively small 
quantities of filer material, for example due to the nor- 
mal practice of using reclaimed film in the film manu- 
fackjring process. The optlcd properties of the com- 50 
posite film can be further enhanced by not including 
any additional particulate additive In the polymer of 
the heat-sealabia layer prior to film formation, ie so 
that essentially aH the particulate additive present in 
the heat-sealabi layer results from coating the par- 55 
ticulate additive onto th surtece thereof. 

However, In an alternative embodiment of the In- 
vention ttia oomposit film is opaque, which Is defined 



as a film exhibiting a Transmission Optical Density 
(Sakura Densitometer, type PDA 65; transmisston 
mode)/fllm thickness (in mm) ratio of from 7.5 to 17.5, 
and particuiariy of from 12.0 to 16.0, Opacity of the 
composite film Is preferably achieved by having an 
opaque substrate layer. The substrate layer is conve- 
nientiyrend red opeK^ue by incorporation into the syn- 
thetic polymer of an effective amount of an opacifying 
agent. However, in a prefenred embodinr>ent of the in- 
vention the opaque substrate layer is voided, te com- 
prises a cellular stixicture contelnlng at least a propor- 
tion of discrate, dosed calls . It is therefore preferred 
to incorporate Into the substrate polymer an effective 
an^ntof an agent which is capable of generating an 
opaque, voided substrate layer structor^. Suteble 
voiding agents, which also confer opacity, include an 
incompatrbie resin filler, a particulate inorganic filler or 
a mbrture of two or more such fillers. 

By an "Incompatible resin" Is meant a resin which 
ether does not melt or which is substentiafly knmis- 
cible with the substrate polymer, at the highest tem- 
perature encountered during extnision and fabrica- 
tion of the layer. Such resins inckjde polyamkies and 
olefin pdymors, particuiariy a homo- or oo-pdymer of 
a mono-alpha-olefin contelnlng up to 6 carbon atoms 
In tte nf>olecule, for Incorporation Into polyester flms. 
or pdyestens of the kind hereinbefore described for in- 
corporation Into poiyolefin frima. 

Particulate Inorflanic fillers suiteble fw generat- 
ing an opaque, voided substrate layer include con- 
ventional Inorganic pigmente and fillers, and particu- 
iariy metel or metsriloid oxides, such as alumina, silica 
and titania, and alkaline nr^tal salte, such as the car- 
bonates and sulphates of calcium and barium. Barium 
sulphate is a parttouiariy prefenred filler whtoh also 
functions as a voiding agent 

Non-vokJIng particulate inorganic fillers may also 
be added to the film-forming pdymerto 8ut)strato lay- 
er, 

Suftebie voiding and/or non-vokJing fillers may be 
homogeneous and consist essentially of a slngte filler 
material or compound, such as tttanhim dtoxMe or ba- 
rium sulphate atone. Alternatively, at toast a prx^por- 
tton of the filler may be heterogeneous, the prtntaiy fill- 
er material being associated with an additional modh 
fying component F=or example, the primary fiHer par- 
ticle may be treated witii a surface modifier, such as 
a pigment, soap, surfactant coupling agent or other 
modifier to promote or alter \he degree to wh toh the fill- 
er is compatible witfi the substrate polymer. 

Production of a substrate layer having satisfacto- 
ry degrees of opacity, voWing and whiteness requh^es 
thatthe filter should be finely-divided, and the average 
particle size thereof is desirably from 0.1 to 1 0 pm pro- 
v Wed ttiat tiie actual partkd size of 99,9% by number 
of the particles does nd exceed 30 pm. Preferably, 
the filter has an average partide size of from 0.1 to 10 
pm, and particuiariy preferably from 02, to 0.75 pm. 
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Decreasing the partide size improves the gloss of the 
substrate. 

it is preferred that none of the fltier partldes incor- 
porated into the sul)strerte layer should have an actual 
particie size exceeding 30 \m. PartlcJes exceeding s 
such a size may be removed by sieving processes 
which are known In the art. However, sieving opera- 
tions are not always totally successful In efkninating 
all partides greater than a chosen size. In practice, 
therefore, the size of 99.9% by number of the partides 10 
should not exceed 30 ^un. Most preferably the size of 
99.9% of the partidea should not exceed 20 \m\. 

Incorporation of the opaclfylng/voiding agent into 
the substrate layer polymer may be effected by con- 
ventional techniques - for example, by mbcing with the is 
mononr>erlc reactants from which the polymer Is de- 
rived, or by dry blending with the poiymer In granular 
or chip fomrt prior to fbmiation of a film therefrom. 

The amount of. filler, particularly of barium sul- 
phate, Incorporated into the substrate layer polymer 20 
desirably should be not less than 6% nor exceed 50% 
by weight, based on the weight of the polynier. Par- 
ticdariy satisfactory levels of opacity and gloss are 
achieved when the concentration of filler is from about 
8 to 30%, and especially from 16 to 20%, by we^ht, 25 
based on the weight of the substrate layer polymer. 
Other additives, generally In relatively small quantn 
ties, may optionally be incorporated Into the substrate 
layer. For example, china day may be Incorporated in 
amounts of up to 25% to promote voiding, optical $0 
brighteners in amounts up to 1500 parts per mWion to 
promote whiteness, and dyestuffs In amounts of up to 
10 parts per million to modify odour, the specified 
concentrations being by weight, based on the weight 
of the substrate pdymer. 35 

In e film oomposHe typically having a heat- 
seaiaWe layer thickness In the range 2 to 4 jun, an 8% 
by weight aqueous dispersion of sOica partides hav- 
ing a primary average paitlde size in the range 30 to 
50 nm, are coated onto the heat-eeaiable layer to ere- 40 
ate a surface concentration of protrusion peaks pro- 
jecting finom the surfiace of the seoondary layer In the 
range 700 to 900 per mm^ and having an average 
peak height In the range 20 to 80 nm. Such a surface 
provides excellent handling properties and heat- 49 
sealing properties in film conrtposrtes comprising a 
biaxially oriented and heat-eet polyethylene tereph- 
thalale substrate layer and a 70 to 85 mote % ethylene 
terephthalata/SO to 15 mde % ethylene isophthalate 
copdyester heat-sealable layer represented by a sta- 50 
•tic coeffident of friction for the heat-sealable layer 
tested against itself in the range 0.60 to 0.65 and a 
heat-seal strength measured by sealing the heat- 
sealable layer to Itself In the range 200 to 1500 

The film composites eocording to the present In- 
vention are suitable for heat sealing to themselves or 
to the surfaces of other films such as pdyethyiene ter- 



ephthalate films using conventwnal heat-s aJing ap- 
paratus and conditk>ns whereby the seal is formed by 
heating the film composite to a temperature at which 
the essentially amorphous t>eat-sealable layer is soft- 
ened and bonded to th rec ptive surface. Heat- 
sealable layers comprising a 70 to 85 nx>le % ethy- 
lene terephthalate/30 to 1 5 ny^le % thylene isophtha- 
late copolyester are partlcuJariy suitable for heat seal- 
ing. A composite film according to the invention pre- 
ferably exhibits a heat-seal strength measurad by 
sealing the heat-sealaWe layer to Kself of >200, more 
preferably >300, and partknjlariy >400 HrrrK 

The fHm composites according to the invention 
also have acceptable handling properties, preferably 
exhibiting a static coefficient of Irictton erf <1 .0, more 
preferably <0.8, and pa.rticulariy <0.85. 

Modification of the surface of the substrate and/or 
heat-sealable layer(s). eg by fiance treatment, ion 
bomberdment, electron beam treatment, ultra-vtolet 
light treatment or preferably by corona discharge, 
n^y improve the adhesion of any 8ut>sec^entiy ap- 
plied layera, eg nrwtalllsed (ayers, but may not be es- 
sential to the provision of satisfactcsy adheston. 

The preferred treatn^nt by corona discharge may 
be effected In air at atmospheric preasure with con- 
ventional equipment using a high frequency, high vol- 
tage generator, preferably having a power output of 
from 1 to20kwatapotentialof 1 to lOOkv.Dischafse 
Is conveniently accomplished by passing the film over 
a dielectric support roller at the discharge station at a 
linear speed preferably <rf 1.0 to 500 m per minute. 
The discharge electrodes may be positioned 0.1 tq 
10.0 mm from the moving film surface. 

The iayera of a composite film according to the In- 
ventton may conveniently contain any of the additives 
conventtonally employed in the manufacture of poly- 
meric films. Thus, agents such as dyes, pigments, 
voWing agents, lubricants, anti-oxWants, anti- 
blocking agents, surface active agents, slip aids, 
gloss-Improvers, prodegradants, ultra-violet light sta- 
bmeera, viscosity modlfiere and dispereton stabllisera 
nwy be Incorporated In the substrate and/br heat- 
sealable layei<a), as appropriate. 

In thb specification the fdtowing test methods 
have been used to determine certain properties of the 
film composites: 

The characteristics of the protrusion peaks were 
measured using a Topo-3D ProfBer (manufactured by 
the Wyko Corporatibn). Statistical summit (ie, protru- 
sion peak} analysis was performed having a 5 nm cut- 
off height and >5 nm threshoW value. In order to yieW 
the number of summits or protrusion peaks. The aver- 
ag height (th height being measured tirom the aver- 
age level of the aurfece of th heat-sealable layer) of 
a protrusion peak was calculated from the resulting 
probability plot as the value In nanometres at whteh 
the height of 50% of all peaks feH below. The shape, 
ie heightAvklth. of a protrusion peak was detenmined 
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by measuring th height of a protrusion peak {as de- 
fifwd abov ) and dividing by the width of th base of 
the peak measured at the average level of the surface 
of the heat-<8^able layer. An average height^iddth 
value for 10 typical protrusk^n peaks was calculated. s 

The heat-seal strength was measured by sealing 
the heat-seaiaW layer to itsetf at 1 40^C for 1 .0 sec- 
ond under a pressure of 103 kPa (15 pel), co<rilng to 
room temperature, and n^asuring the force required 
under linear tension per unit vrWth of seal to peel the io 
sealed films apart at a constant speed <rf 4.23 
mm/second. 

The static coeffictent of frictfon of the heat- 
sealaWe layer was measured against Itself by an in- 
clined plane nr^ethod based on ASTM test D 451 8-87, is 
using a Model IPST (Spedalist Engineering, Welwyn, 
UK). 

Wkie angle haze was determined as the percen- 
tage of transmitted light which deviates from the nor- 
mal to the surface of the film by an average amount 20 
greater than 2.5° of arc during passage through the 
film, essentiatly according to ASTM tost D 1003-61, 
using a Hazegard XL211 Hazemeter (BYK Gartner, 
US). 

The Invention is iltustrated by reference to the ao- 25 
companylng drawings In which : 

Figure 1 is a schematic sectional elevation, not to 
scale, of a polymer fSm having a heat-eealabie layer 
adhered directly to a first surface of the substrate. 

Figure 2 la a almilar achenrtatio elavatbn of a pdy- 30 
mer film with an additional heat-sealabie layer ad- 
hered to the second surface of the substrate, 

Refening to Figure 1 of the drawings, the tarn 
comprises a polymer substrate layer (1) having a 
heat-seaiable layer (2) bonded to one surface (3) 36 
thereof, with ptfticulate material (4) Immediately be- 
low the surface of the heat-sealable layer. 

The flm of Figure 2 further comprises an addition- 
al heat-sealable layer (6), bonded fo the second sur- 
face (5) of the substrate (1). The additional heat- 40 
sealabie layer (6) aiso comprises particulate material 
(7) immediately below the surface of the layer. 

The invention is further illustrated by reference to 
the following Examples. 
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FHm composites comprising polyethylene tereph- 
thalate as the substrate and one heat-sealaWe layer 
comprising a copolyester of 82 mole % ethylene ter- 50 
ephthaiate/18 mole % ethylene isophthalate were 
prepared. 

The aforementioned polyesters were prepared 
using a conventional process comprising direct ester- 
ification of ethylene glycol with an acid (ie tarephthallc 55 
add In the case o# polyethyl n terephthaiate or a 
mbdure of 82 mole % terephthallc acU and 18 mole 
% isophthalic add in the case of the copolyaetaO fol- 



lowed by pdycondensation. After terminating the 
pdycondensation, ths pdymer was cut into small 
granules suitable for extrusion. 

Film composites were produced from the above 
pdyesters by a process of single channel coextruslon 
wherein strean^ of pdy^ylene terephthaiate and 
the copolyester supplied by separate extrud re were 
united in a tybe leading to the manlfdd of an extrusion 
die and were extruded simultaneously through the die 
under conditions of streamline flow and without Inter- 
mbclng. The film composite emerging firom the extru- 
afon die was quenched immedtatoly upon a water- 
cooled rotating metal dmm having a pdlshed surface 
and stretched to 3.6 times its original dimension In the 
direction of exfrusion at a temperature of about 90^. 
The stretched f^m was then coated with an 8% by 
weight aqueous dispersion of silica of average partic- 
le size 40 nm (Aerasil K330, Degussa) onto the heat- 
sealabie layer surface. The longitudinally stretched 
film was then stretched transversely in a atenter oven 
to 4,2 times Its original dimension at a temperature of 
about KXrc. The film composite was finally heat set 
under dimensional restraint fai a stenteroven at a tem- 
perature of about 225''C. 

The resulting film oomposita consisted of a biax- 
lally oriented and heat-set pdyethyiene terephthaiate 
substrate and an anxMphous copolyester layer. Final 
film thicknoss was 1 5 jim. the copdyester layw being 
3 \im thick. The film was subjected to the test nrethods 
described above and exhibited the folbwing* charac- 
teristics: 

1) Protrusion peaks on the surlace of the heat- 
sealable layer 

Number * 700 per mm^ 
Avere^e height = 26 nm 
Average helght/wWth « 2.2 x 10-» 

2) Haze = 2.7% 

3) Static coefHcient of firictton of heat-aacdable 
layer = 0.63 

4) Heat-seal strength of heat-aealablo layer - 275 
Nnr^ 

Example 2 

The procedure of Example 1 was repeated except 
that the pdyethyiene terephthaiate subatrate layer 
contained 1550 ppm of china day ctf average partk4e 
size O.B pm, and the copdyester heat-sealable layer 
add1tk>nally contained 1 250 ppm of china day of aver- 
age partcie size 0.6 pm. The resultant fim was sub- 
jected to the test methods described above and exhib- 
ited the fdlowing characteristics: 

1) Protrusion peaks on the surface of the heat- 
aealaU layer 

Number « 739 per mm^ 
Average h ight«63nm 

2) Haze = 8.7% 

3) Static coefTident of frictton of haat-sealabie 
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layer s= 0.66 

4) Heat-seal strength of heat-«ealabl layers 250 

Nnri 

Examples 5 

The procedure of ExampI 1 was repeated except 
ttiat the polyethylene terephthalate substrate layer 
contained 18% by weight, based on the weight of the 
polymer, of a finely dMded particulate bariim eui- io 
phate fitter having an a wage partWe ske of 0.4 pm. 
Final film thlckneas was 250 nm, the copdyester layer 
being 40 jun thick. The resultanlfllm was subjected to 
the test methods described above and exhibited the 
Mlowlng charactaristics: ^ 5 

1) Protaislon peaks on the surface of the heat- 
sealable layer 

Number = 710 per mm2 
Average height » 26 nm 

2) Haze - not applicable, ah opaque film 20 

3) Static coefficient of friction of heat-eealable 
layer =0^ 

4) Heat-seal strength of heat-sealaUe layer » 

1400 Nm-i 

28 

Example 4 

This is a comparative example not aocordlng to 
the example The procedure of Example 2 %vas repeat- 
ed except that the silica coating stage was omitted 3o 
and the pdyethyiene terephthalate MJbetrate layer 
contained .no china day filler. Final famthkdcness was 
75 urn. the oopdyester layer being 12 pm thick. The 
resultant film was subjected to the test methods de- 
ecribed above and exhibited the foltowing character- 
istlcs: 

1) Protniston peaks on the smface of the heat- 
sealable layer 
Numbers' 26 per mm^ 

Average height = 26 nm 40 

Average he^ght^vldth «= 0.6 x 1(H 

2}Hazes0.3% 

3) Static coefficient of firictk>n of heat-eealaUe 
layer* >1J5 

4) Heat-seal strength of heat-sealaUe layer » 590 45 
Nm-i 

The above examples Uustnate the inpioved prop- 
erties (rffilm compbsSes according to the present In- 
ventioa 

60 

Claims 

1. A composite film comprising a substrate layer of 
polymenc material having on at least one surface 55 
thereof a heat-sealable layer comprising a partic- 
ulate addidve, the exposed surface of the heat- 
sealable layer comprising greater than 100 sur- 



face protmsions per mm^ produced by the partio- 
ulats addlth^e, th surfec protrusbns having an 
average peak height In the range from 5 to 400 
nm measured from the average level of the sur- 
face of the heat-sealable layer. 

2. A film according to daim 1 wherein the exposed 
surface of the heat-sealable layer comprises from 
400 to 2000 surface protniskms permm^ , 

3. A flm according to either one of daims 1 and 2 
wherein the average peak height of the surface 
proirustons Is In the range from 15 to 100 nm. 

4. A film according to any one of the preceding 
daims wherein the average height/wWth of a pro- 
truston peak is greater than 0.8 x 10^. 

5. A fim according to any one of the preceding 
claims wherein the heat-sealable layer measured 
against Hself has a static coefficient of fnctkm of 
less than 1.0. 

6. A film according to any one of the preceding 
daims wherein the heat-sealabie layermeaaured 
against itself has a heat-seal strength greater 
than 200 Hnr\ 

7. A fBm according to any one of the preceding 
clain)s vrhersin the heat-sealable layer coqiprises 
a linear copdyaster. 

8. A fibn according to daim 7 wherein the copdye- 
ster comprises a copdyestar of ethylene tereph- 
thalate and ethylene isophthalata. 

9. A mettwd of produchg a composite film compris- 
ing forming a eubstrate layer of pdymeric arterial 
having on at least one surface there<rf a heat- 
sealable layer, applying a particulate additwa to 
the exposed surface of the heat-sealabid layer, 
the particulate addith^ bonding to and/or pene- 
trating into the heat-sefidable layer, the exposed 
surface of the heat-sealable layer comprising 
greater than 100 surface protrusions per mm^ 
produced by the particulate additive, the surface 
protrusions having an average peak height In the 
range from 5 to 400 nm measured from the aver- 
age level of the surface of the heat'^sealabie layer. 

10. A method according to daim 9 wherein the 8ut>- 
strate layer and heat-sealaUe layer are fonmed by 
coextnjsk)n. 
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